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Dear Mr. Mushovic and h4r. Bird: 

The purpose of this letter is to share the comprehensive results of3aboratory rreatability testing for 
varioLis reactive media efficacy (enclosed). As briefed in our May 1 1  letter. Attachment 2 .  the zero 
valent iron appears to have the greatest reactive capacity and longevity but releases sufticient 
quantities of dissolved iron to cause kvater discoloration. The capability of native soils to mitigate 
this iron release is one of the objectives of the field column tests currently undernay per 
Attachment 4 of our May 1 1  letter. 

Please rei iew this data ahead of our scheduled June 4, 1O:OO a.m. teleconference. If you ha\.e any 
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mm 
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gram 
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Grand Junction Office 
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inductively coupled plasma-atomic emission spectra 
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Reactive materials were tested to determine their viability for use in a Permeable Reactive 
Treatment (PeRT) wall that is planned for construction in October 1998. Materials were tested in 
the laboratory in both batch and column modes. Most of the materials tested in batch mode use 
sorption to remove contaminants of concern (COCs) from the groundwater. None of the sorbents 
met a criterion deemed a minimum for application in the PeRT wall. 

Several materials that contain zero-valent iron (ZVI) were tested in columns. Most of the ZVI 
materials were able to remove COCs to low levels but increased dissolved iron concentrations to 
levels that colored the groundwater. Mixing the ZVI with magnesium hydroxide. cement. or 
concrete controlled the iron release but was unable to meet COC limits. It is recommended that 
ZVI materials be tested in larger-scale columns and that measures be taken to control i'ron release. 

DOE/Grand Junction Office Results of Laboratory Treatabilq Testing for the Monticello PeRT Wall 
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I a  Imtrod~ction 

A Ilaboratory treatability study was conducted in support of the proposed deployment of a 
Permeable Reactive Treatment (PeRT) Wall at an abandoned uraniw mill site near Monticello, 
Utah. The purpose of the treatability study was to evaluate a variety of reactive materials for their 
ability to remove contaminants fiom groundwater. Suitable reactive materials must (1 ) be able to 
remove the contaminants of concern (COC) fiom the groundwater, (2) have high permeability, 
(3) not undesirably alter the groundwater composition, and (4) be able to maintain their 
performance for extended time periods. 

11. Selection of Reactive Materials 

Selection of reactive materials was based on data from several prior studies. Materials that are not 
commercially available or that are not available in forms (having suitable permeability and 
structural strength) conducive to use in PeRT walls were excluded. 

A large number of zero-valent iron (ZVI) products was selected because in prior studies ZVI was 
shown to be effective for most of the COCs at the Monticello site. ZVI is suitable for use in PeRT 
walls as demonstrated by its prior use i'n many field installations. 

A brief description of each reactive material follows: 

Apatite Ap (fish lbones+Apatite AP was obtained fiom UFA Ventures. Inc.. Richland, 
Washington. It consists of chopped up fish bones from the Pacific coast, dried and sieved to >2 
millimeters (mm). Fish bones are composedl, in part, of hydroxyapatite which is a good sorbent 
for uranium. The sorption process may include mineral precipitation (such as autunite) as well 
as adsorption. 

Granular Humate-Granular humate was obtained fiom Cercona of America. Dayton. Ohio. 
It consists of dried, granular, humate-rich earthen material sieved to +6 mesh. It is a 
commercially available product produced by mining. 

Foamed Magnetite-Foamed magnetite was obtained from Cercona of America. Dayton, 
Ohio. It consists of magnetite particles (obtained from the iron-ore industry) bound into pellets 
by aluminosilicates and foamed to produce internal porosity. It is sieved to -3 120 mesh. 
Magnetite has been shown to remove uranium and other COCs from solution. It may react 
through adsorption or through chemical reduction. 

High Surface Area (€€SA)-HSA was obtained from Cercona of America. Dayton, Ohio. It is 
a product of the iron-ore industry consisting largely of ZVI. It is one of the least expensive 
reactive materials, selli'ng of about $290 per ton. The HSA was sieved to '3 -20 mesh. HSA is 
mostly composed of ZVI. 

Amorphous Ferric Oxyhydroxide (AFQ)/Gravel-AFO/gravel was prepared by mixing a 
thick slurry of AFO with pea gravel. The AFO slurry was obtained from Noah Technologies, 
Corporation, San Antonio, Texas. The slurry contains about 6.8 percent Fe. The mixture 

DOE/Grand Junction Ofice Results of Laboratory Treatability Testing for the Monticello PcRT Wall 
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consists of 1 part AFO slurry and 2 parts pea gravel, by volume. AFO is capable of adsorbing 
the COCs. 

0 Bone Charcoal-Bone charcoal was obtained from Cercona of America, IDayton, Ohio. 
Cercona manufactures h s  product by pelletizing ground, cattle bones with a phosphate binder 
and then coking it. The coking process causes the carbon compounds to form charcoal, but the 
phosphate minerals in the bone remain unaltered. The coking results in a structurally rigid 
product that was then sieved to -3 +18 mesh. As with Apatite AP, the phosphate 
(hydroxyapatite) is the active component. 

* A F W o a t e d  Glass Foam-This is an experimental product developed by Cercona of 
America, Dayton, Ohio. Glass foam, prepared from recycled bottles, is soaked in ferric chloride 
solution. The ferric chloride that soaks into the glass foam reacts to form AFO when soaked in 
sodi'um hydroxide. The resulting product is a highly porous glass coated with AFO. 

Q Granular Activated Carbon (GAC)-F30Q-GAC-F300 was obtained from Calgon Carbon 
Corporation, Pittsburg, Pennsylvania. GAC is commonly used for water treatment. Removal of 
contaminants by GAC is caused by adsorption onto the carbon surfaces. The product was 
sieved to -8 +30 mesh. 

* AFO-Coated Volcanic Rock-This is an experimental product developed by Cercona of 
America. Dayton, Ohio. Manufacturing is identical to that of AFO-Coated Glass Foam except 
that industrial, highly porous scoria is used as the substrate for AFO. 

Bsolite-Isolite was obtained fiom Foremost solutions, Golden, Colorado. Isolite is an 
aluminosilicate material that has been used extensively to adsorb organic contaminants. It is 
manufactured using an extrusion process so that it is available in consistent grain sizes. 

* AFO-Coated Hematite Pellets-This is an experimental product developed by Cercona of 
America, Dayton, Ohio. Manufacturing is identical to that of AFO-Coated Glass Foam except 
that industrial hematite pellets are used as the substrate for AFO. The hematite pellets are 
derived fiom iron ores mined for the iron industry. 

Q Peat/GraveP-Garden variety sphagnum peat moss from Hypones. Corporation (purchased at 
K-Mart) was mixed with pea gravel (1 8 percent air-dried peat by u zight). This was considered 
the maximum percentage that could be used in a PeRT wall because permeability decreases as 
the peat content increases. Peat has been shown to be an effective sorbent for uranium, 
molybdenum and arsenic. 

0 HSA High Soda-This material was manufactured by Cercona of America, Dayton. Ohio. 
HSA was pulverized and then peIleted with a soda-rich aluminosilicate binder. High soda 
content (2 to 3 percent Na,O) was used so that the final product would produce an elevated 
pH in an aqueous solution flowing through it. The pelletized material' was fired at 1 000 "C 
under a N2/H, atmosphere and was sieved to -12 +20 mesh. The elevated pH was intended to 
cause removal of dissolved iron as a hydroxide phase. 

Results of Laboratory Treatability Testing for the Monticello PeRT Wall 
2 

DOBGrand Junction Office 
May 1998 



KO002 1 AA Permeable Reactive Treatment (PeRT) Wall 

0 HSA LOW Soda-This material is similar to HSA High Soda but had a lower soda content of 
about 1 percent Na,O. It was baked at 1 10°C and sieved to -3 +12 mesh. 

HSA/h-lg(OPI)2-This product was manufactured by Cercona of America Dayton. Ohio. 
Pulverized HSA was combined with powdered Mg(OH)? in a 5060 mixture and then pelletized 
with a sodium aluminosilicate binder. The resulting pellets were baked at 110°C and have 
about 1 percent NqO. The pellets were sieved to -3 +20 mesh. The Mg(OH), is used to 
increase the pH so that dissolved iron will precipitate out of the groundwater as iron hydroxide 
minerals. 

AFO Slurry-Air Dried-The AFO slurry obtained from Noah Technologies, Corporation (see 
AFO/gravel), was air dried in a petrie dish. The resultant material has the texture of sugar and 
did not go back to slurry form when contacted with water. 

0 Ambersorb 572-Ambersorb 572 was obtained from Rohm and Haas. Company. Spring 
House, Pennsylvania. It is a carbonaceous adsorbent made by pyrolyzing a sulfonated styrene- 
divinylbenzene ion exchange resin. It was sieved to -20 +50 mesh. Ambersorb 572 has been 
widely used in water-treatment applications for organic contaminants. 

0 Humasorb CS-Humasorb CS was obtained from ARCTECH, Inc.. Chantilly. Virginia. It 
was manufactured from humic materials using proprietary methods. The material consists of 
well sorted spherical particles sieved to approximately -10 +18 mesh. Humic materials such as 
peat have been shown to be sorbents for uranium. arsenic. and molybdenum. 

0 Pearless ZVI-This product was obtained from Peerless Iron, Detroit. Michigan. It is 
composed of slivers and granules of cast iron spoils from the automotive machining industry. 
The ZVI was fired at high temperatures which volatilizes any residual cutting oils. The fired 
product was air quenched and sieved to -8 +50 mesh. 

Cercona HT ZVI-This product was obtained from Cercona of America. IDayon. Ohio. It is 
similar to the Peerless ZVI except that it was water quenched instead of air quenched after 
firing. The type of quenching can control the specific oxidation state of surface layers on the 
ZVI. It was sieved to -3 +I2 mesh. 

Connelly ZVH-This product was obtained from Connelly GPM. Chicago. Illinois. It is similar 
to the Peerless ZVI except for having been derived from different sources of scrap iron. 

0 PeerlessMg(O%I),-Powdered Mg(OH), was pelletized using an aluminosilicate binder by 
Cercona of America. These pellets, sieved to -3 +I2 mesh. were mixed with Peerless ZVI in a 
ratio of 50 percent each Iby weight. The Mg(0I-I): pellets were used to attempt to remove 
dissolved iron by raising the pH. 

0 Peerless/B)olomite-Dolomite, mined in Ohio. was obtained from Cercona of America. 
Dayton, Ohio. It was sieved to -3 +20 mesh and mixed 50!50 by weight with Peerless ZVI. 
The dolomite was used to buffer the pH in an attempt to precipitate dissolved iron as 
hydroxide minerals. 

DOE/Grand Junction Office Results of Laboratory Treatability Testlng for the Monticello PeRT Wall 
May 1998 3 



P m e a b l e  Reactive Treatment (PeRT) Wall1 lK0002 1 AA 

Cercona Cast Iron-This product was obtained fiom Cercona of America, Dayton, Ohio. It is 
similar to other ZVI by-products fiom the automotive indusm. except that it was produced 
through “dry machining.” Because this process did not use cutting oils, it was not fired. It was 
sieved to -3 +20 mesh. 

0 Master Builder Zvp--This product was obtained fiom Master Builders, Streetsboro. Ohio. It 
consists of cast iron shavings similar to the other by-products of the automotive industry. The 
ZVI was fired, water quenched, and sieved to approximately -8 +50 mesh. 

* PeerIessLirnestone-Limestone collected from the Honaker Trail Formation in northern 
Arizona and sieved to -8 +50 mesh was mixed with Peerless ZVI at a ratio of 50/50 k: .veight. 
The limestone was used to control the migration of iron by buffering pH. 

* PeerlessKement-A discarded block of cement was crushed and sieved to +10 mesh. The 
cement granules were mixed with Peerless ZVI at a ratio of 50150 by weight. The cement was 
used to control the migration of iron by raising the pH. 

0 Peerless/Concrete-A discarded block of concrete was crushed and sieved to -3 +10 mesh. 
The concrete granules were mixed with Peerless ZVI at a ratio of 50/50 by weight. The 
concrete was used to control the migration of iron by raising the pH. 

III. Methods 

Eighteen materials (mostly sorbents) were evaluated by using batch tests and twelve ZVI products 
or mixtures (materials that precipitate COCs by chemical reduction processes) were evaluated by 
using column tests. 

A. Batch Tests 

Batch testing closely follows ASTM procedure D4646-87. Approximately 1 grz g) of reactive 
material was placed in a 125-mL Nalge bottle with I00 mL of groundwater. The groundwater 
was collected fiom well 92-1 1 on February 10, 1998, at the Monticello site (this well1 is near the 
proposed PeRT wall location) and has the composition shown in Table 1. 

The bottles were agitated on an end-over-end shaker for 24 hours. The samples were then 
centrifuged and passed through a 0.45pm fiker. The filtrates were analyzed for pH. conductivity 
and total dissolved iron immediately. Preserved samples were submitted to the Grand Junction 
Office (GJO) Analytical Chemical Laboratory (ACL) for analysis of arsenic, manganese, selenium. 
molybdenum, uranium and vanadium. 

Results of Laboratory Trcarabilny Testing for the Monticello PeRT Wall1 
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Table 1 Chemistry and Properties of Well 92-1 1 Water 

I 

'Average of 3 analysis 

Distribution ratios (Rd) were calculated using the following equation: 

mass of solute sorbed per unit mass of reactive media 
mass of solute in solution per unit volume of solution 

Rd = 

Where 

A = initial concentration of the solute 
B 
V = volume ofsolution 
M, = mass of air-dried reactive media 

= final concentration of the solute after 24 hour contact time 

B. Column Tests 

Column tests were conducted in Alltech Omnifit glass chromatography columns. Dimensions of 
the columns are 150 mm long by 15 mm diameter and the empty bed column is about 22 mL. The 
length of the filled bed varied by a few millimeters depending on how far the end caps were 
inserted. The end caps were screwed into place which somewhat compressed the reactive media. 

DOUGtand Junctlon Oftice 
May 1998 
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Contaminated groundwater collected fiom well 92-1 1 on February 10,1998, was passed upwards 
through each column using a peristaltic pump. The fI ow rate was about 0.1 0 d m i n  which 
resulted in residence times of about 2 hours which is similar to the anticipated residence time for 
the PeRT wall. Porosity was determined by the volume of groundwater used to fill the column. 
Effluent samples were analyzed immediately for pH, electrical conductivity (EC), dissolved Fe. 
and uranium. Samples were submitted to GJO’s ACL for analysis of arsenic, iron, manganese. 
molybdenum, selenium, uranium and vanadium. 

C. Chemical Analysis 

Arsenic and selenium concentrations were analyzed by axial-view inductively coupled plasma - 
atomic emission spectra (ICP-AES); iron, manganese, and vanadium were analyzed by radial-view 
ICP-AES. Molybdenum and uranium were analyzed by inductively coupled plasma-mass 
spectrometry. A Hach wet chemical method was used to analyze dissolved iron on samples 
immediately after collection. 

PV. Results and Discussion 

Materials believed to have significant sorption potential for the COCs were tested in batch mode. 
Materials that are believed to precipitate COCs by chemical reduction processes were tested in 
column mode. 

A. Batch Tests 

The results of the batch tests are listed in Table 2. The pH and electrical conductivity values of the 
groundwater did not change much as a result of adding the reactive media. Influent pH was about 
7.7. Experiment TDI 15, which contained magnesium hydroxide to increase pH, had the highest 
pH value (8.35). Experiment TDE 2 which contained granular humate material had the lowest pH 
value (6.77). Dissolved iron was less than 0.1 mg/L in all batch tests except for the HSA which 
had 1 mg/L of iron. 

Rds were used to compare the effectiveness of the reactive materials for each contaminant. it is 
recognized that Rd values are inappropriate to interpret results that are not governed by an 
equilibrium adsorption-like chemical process. Kinetic-based chemical processes. such as 
incorporation of adsorbed contaminant into the mineral framework or reductive precipitation 
(e.g., by ZVI), cannot be readily evalluated using Rd data. However, for screening purposes, the 
Rd values can provide a relative indication of how the material will perform. 

The Rd data and knowledge of the chemical processes were used to select materials for column 
testing. Reactions that have slow kinetics such as those with ZVI are more suitably evaluated by 
column testing as detailed in the next section. Because HSA is likely to remove contaminants by 
reductive precipitation ( a kinetically-controlled process) it was included in the column testing. 
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mass 

Qm 
1.003- 

1 --__ 
1.007- 

__ 1.001 
1.086- .. 

1.031 .- 
1.002 
1.004 - 

_- .. . - 
- .- . 

- 1.008 -- 
- 1.003- _ _  

1.018 
- ... 1.07- - 

..  1.024.- 
1.016 

..L0!9... 

-- 1.002- 
-- 1.003- 

1 .. - 
(Fjujd-only; no solids) 
(Fluid-ohly_nosolids)__ - -. ~- 
(Fluid only - no solids) 

- - 
Final 

PH 
7 

-. 7.2- - 
6.77 .. __ 

__ 7.48 

1 . 5 5 .  
_ _  7.67_ 

7.32 
7.61 
7.92 

.- 7.72, . 

.- __ 
_- 

-7.65. 
.- 7.83- 

-7.9 - 
7.87 
e.s 
7.35 

7.91 

. . 7.19. .. 

7.91 . - .  

7.55 
7.72- 
7.72 - - 

Final 
EC 

umlcrn 
2640 
2350 
2490 
2440 
2480 
- 2450 
-~ 2520 

- 
~. - 

- 

. 2 w .  - 
--?1560.. 

2480 
2910 
2420- 
2440 . . - 

2540. 

-. . ... . - - 
-. __ .- 

- 2500- 

.-1440- 
- 2530 - 

... 2570. . 

2470 
247(3- - 
2480 

__ 

Table 2 Results of Batch Tests 

- - 
Initial 

As 
uglL 
- 39.7 
-. 39.7 . 

- 39.7 . 

39.7 
39.7 
39.7 
39.7 

~- 

. .. 39.7 - 

39.7  
-39L 
39.z.  
.. 39:7- . 

-. 40.5- .. 

40.5 
. 40.5 . . . 

40.5 

-40.5. 
41  9. 
-- 
__ 

- - 

Uptake 
of As 

mglg 
-0.001 __ 
0.001 

.. 0.003 . 

. 0.004 - 

0.000 
0,003. 

-. 0.00g 
.- 0.001- 
0.00_3 

0 . 0 0 l  

.Cl.OOQ. 
0.003- 
0.003 

_- 0.OOZ .- 

~ 0.001 
O.:OO!. 

_. __ __ 

0.000 . . . . . _ _  - 

0.004 - 

As Initial Final Uptake Mn Initial Final Uptake Se 
Rd Mn Mn ofMn Rd Se Se ofSe Rd 

mug ug/L uglL mg/g mug ug/L ugR mgig mug 
-21 3790 1470 0.231 , 157 12.4 7.3 0.0005 70 - 
49 3790 320 0.127- 50 12.4 20.9 0.0002- 
406 3790 3760 0.003 1 12.4 - 2 0 . 9  0.0001 
892 3790. 2610 , 0.118 45 12.4 7.4 0.0005 
686 3790 3280 14 12.4 0.047 6.5 0.0005 . 

__  
__ 

3790 12.4 12.4 
3910 
4130 12.3 12.3 

_- 



TDI 1 Apatite AP(f~sh bones) 
TDI 2 , Granular Humate 
TDI 3 Foamed1 Magnetite 
TD14 HSA 
- TDI 5 AFO/Gravel Mixture 
TDI 6 .Bone Charcoal 
TDI 7 AFO-Coated Glass Foam 

TDI 9 -bated Volcanic~Rodc 
TDI 10 lsolite 
TDI 111 ,AFO-Coated Hematite Pellets 
TDI 12 PeaffGravel 
- TDI 13 HSAlHigh Soda 
TDI 14 HSA Low Soda 
TDI 15 .HSA/Mg(OH)2 

-_ TDI 16 
TDI 17 1 Ambersorb 572 
TDI 18 Humasorb CS - 

TDl8 GAC-F300 -- 

- -- 

AFO Slurry, Air-Dried 

.- 

Material 
mass 
gm 

lFina, 
PH 

1.003 7.2 
1 6 z  

1.007 - 7.4a 
1 001 7.67 
1.086 7.55 
1.031 7.32 
1002 I 761 
1.004 1 7.92 
1.008 1 772 
1.003 1 7 65 
1018 783 
107 719 
1019 7.9 
1.024 I 787 
- 1.016 835 

1002 735 
1003 I 791  

1 7 91 

__ 

___._ ~ __ 
-- 

- - ~ - ~  
- -- 

_- 

___. - 
_____.___  TDICON.l Control (Fluid only - 
1DICON.Z Control (Fluid only - no-goss 
TDICON 3 Control (Fluid1 only - no solids) 

Table 2 Results of Batch Tests (continued) 
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KO002 1 AA Permeable Reactive Treatment (PeRT) Wall 

A simple calculation was performed to determine the magnitude of Rd that is required for the 
PeRT wall at the Monticello site. For this calculation it is assumed that Rd is equivalent to the 
distribution coefficient (Kd). Kd and Rd are numerically equivalent but the use of Kd assumes that 
the chemical process is adsorption, that the system is always in equilibrium. and that Kd is 
constant over time and space. Kd is related to the retardation factor (Rf) by the following 
equation: 

Rf = [1+Kd (:)I 

Where 

p = packed-bed density 
8 = porosity 

Using the following assumptions, 

p=2.og/cc 

le = 0.6 

0 Required PeRT wall longevity = 10 years 

0 PeRT wall size = 100 x 10 x 10 feet 

Groundwater flux = 50 gpm 

0 No dispersion 

the Rd value must be 21 08 mL/g or above. Because this estimate is based on many variables and 
materiah cost was not considered, an Rd of 1000 mL/g is used as a minimum for screening 
purposes. 

Distribution ratios for arsenic range from -21 to 892 d / g .  A negative Rd results if the final 
concentration is higher than the initial concentration indicating that the chemical has transferred 
from the solid reactive media into the aqueous solution. None of the arsenic Rd values exceed the 
screeni'ng criterion of 1000 mL/g. Rd values for manganese rang from - 1 to 1 199 mL/g. Only 
Humasorb CS (with an Rd value of 1199 mL/g) has a manganese Rd value over the screening 
criterion. Rd values for selenium rang from 6 to 134 mL/g. Rd values for molybdenum range from 
-39 to 4291 mL/g. Only the air-dried AFO exceed the screening criterion with a molybdenum Rd 
value of 4291 mL/g. Rd values for uranium ranged from -1 to 1489 mL/g. Only the air-dried AFO 
with an Rd value of 1489 mWg exceeds the screening criterion for uranium. Rd values for 
vanadilum range from -6 to 20,858 mL/g. Seven materials exceed the screening criterion for 
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vanadium: HSA (Rd = 19,680 mL/g); AFO/gravel mixture (Rd = 10,326 W g ) ;  AFO-coated 
glass foam (RC = 1,927 &g); GAC (Rd = 1,653 mL/g); HSA/high soda (Rd = 20,510 mL/g); 
HSA low soda (Rd = 20,410); and air-dried AFO (Rd = 20,858 mL/g). 

None of the reactive materials tested in batch mode met the &himum criterion (Rd = 1000 mL/g) 
for all COCs. For this reason and because column experiments using ZVI have s h o w  good 
results, the sorbent materials will not be considered further for this project. 

B. CoEumn Tests 

The results fiom the 12 column tests are tabulated in Appendix A. Figures 1 through 9 display the 
concentration data for the last samplings. The data on the figures represent about 200 pore 
volumes for columns 1 through 6 and about 110 pore volumes for columns 7 through 12. The 
concentrations observed in the latest samplings are similar to those fiom previous samplings. 

The incoming pH was about 7.8 (Figure I, left-hand column). Most of the columns caused an 
increase to about pH 8. The two colu?ms that contained Mg(OH)? caused the pH to rise to about 
9.4. The column with concrete caused an initial pH rise to 12.1 that then decreased to about 8. 
The early rise was probably due to some excess “free” lime contained in the concrete. 

Arsenic 

The influent arsenic concentration was 0.024 mg/L (left-most column on Figure 2). All 12 
columns substantially decreased the concentration of arsenic. The HSA/Mg(OH)2 performed least 
effectively. Arsenic is probably being removed fiom solution by reductive precipitation. Reduction 
of arsenic to native arsenic metal, which is found in some low-temperature uranium ore deposits, 
could be the mechanism responsible for arsenic removal in the presence of ZVI. 

Manganese 

The influent concentration of manganese was 3.16 m g 5  (Figure 3). -411 of the columns reduced 
the concentration of manganese significantly. This result was surprising in that manganese 
typically is more mobile under reducing conditions. Manganese removal was most apparent in 
those columns that displayed high pH such as Peerless/Mg(OH)2. Manganese commonly 
substitutes for calcitum in carbonate minerals. These observations are consistent with manganese 
removal by coprecipitation in carbonate minerals which are likely to be forming under these 
conditions. 

haolvbdenum 

The influent concentration of molybdenum was 0.198 mg/L (Figure 4). Most of the ZVI products 
without modifiers such as Peerless, Cercona HT, Connelly, Cercona cast iron, HSA, and Master 
Builder, were effective in reducing molybdenum concentrations to below the MCL (0.1 mg/l). 
Those columns that contained hydroxides and had elevated pH ,JPeerless/Mg(OH)2, 
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HSA/Mg(OH),] were not as effective at removing molybdenum. Molybdenum forms anions in 
solution that adsorb at low pH and are less adsorbent at high pH. This characteristic may explain 
the trend in molybdenum if the chemical mechanism is adsorption. Alternatively, molybdenum 
could be removed from solution by reductive precipitation, forming minerals such as MOO?. The 
decrease in effectiveness at high pH must then be due to the decreasing rate of the precipitation 
reaction, similar to the decreased rates of organic degradation by ZVI that are known to occur at 
high pH. 

Selenium 

The influent concentration of selenium was about 0.01 mg/L (Figure 5) .  All of the columns caused 
a decrease in selenium concentrations. As with molybdenum, the two columns containing 
Mg(OH), and having elevated pH were less effective in reducing selenium concentrations. 
Selenium forms anionic complexes in solution and has a greater tendency to adsorb at lower pH 
values. This characteristic may explain the pH trends. Alternatively, selenium may be precipitating 
as a reduced mineral such as native selenium metal. 

Uranium 

The influent concentration of uranium was about 1.6 mg/L (Figure 6) .  Concentrations of uranium 
were reduced to the detection limit in all coltumns except the one containing HSA/Mg(OH),. Like 
molybdenum and selenium, uranium forms anionic aqueous complexes (if carbonate is present). 
Uranium also forms low solubility minerals such as uraninite (UOJ under the low redox 
environment caused by the ZVI. It is curious that Peerless/Mg(OH), reduced uranium 
concentrations but the HSA/Mg(OH), did not. 

Vanadium 

The imnfluent vanadium concentration was about 0.87 mg/L (Figure 7). Like uranium. vanadium 
concentrations decreased below detection in all except the HSA/Mg(OH), column. Vanadium also 
forms anionic aqueous species and precipistates low solubility minerals such as V,O, under low 
redox conditions. 

Dissolved Iron 

Influent dissolved iron concentration was about 0.03 mgL (Figure 8). Because a large mass of 
iron would be emplaced to meet the requirements of a PeRT wall, there is some concern that 
dissolution of the wall could add unacceptable concentrations of iron to the groundwater. 

Because iron is not a COC, two measures of acceptability were developed. Based on human 
health risk. concentrations of iron below about 9 mg/L are acceptable. However, concentrations 
of iron at this level will impart a red coloration to the groundwater if it becomes aerated. 
Concentrations less than about 4 mg/L only slightly discolor the water and this value was selected 
as an aesthetic measure (Figure 8). 

Most of the columns produced water near or below the risk-based measure of 9 mg/L. Those 
columns that contained Mg(OH), had low concentrations of iron and the effluents were very 
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clear. Of the ZVI products, without modifiers, the Master Builder sample was the only one that 
produced water with iron below the aesthetic measure. 

Electrical Cond UCtiVi* 

The influent electrical conductivity was about 2.45 mg/cm (Figure 9). All of the columns have 
decreased conductivity indicating that ions were transferred to the solid phase. Overall. based on 
these measurements, there is about a 5 to 7 percent decrease in ionic strength. The transfer of 
material to the solid phases will result in some loss of porosity. Permeability is likely to decrease 
as well. Given the current understanding of these processes, there is no reasonable way to predict 
the effect of mineral precipitation on PeRT wall pedonnance. 

C. Comparison of ZVI Column Results 

A weighted ranking system was developed to help compare the results of the 12 column tests 
(Table 3). The following parameters were used in the ranking: pH, electrical conductivity, final 
concentrations of arsenic, iron, manganese, molybdenum, selenium, uranium and vanadium, cost 
and estimates of hydraulic conductivity. All parameters were given equal weighting except pH and 
electrical conductivity were weighted %; and iron, uranium, cost, and hydraulic conductivity were 
weighted double. These weightings were based on a subjective assessment of the factors likely to 
influence the success of the PeRT wall deployment. 

Based on this ranking system, the top 6 materials are: Cercona HT ZVI, HSA, Peerless ZVI. 
Connelly ZVI, Cercona cast iron, and Master Builder ZVI. Larger quantities of these materials 
were procured in preparation for confirmatory field column tests. 

V. Conclusions rand Recommendations 

None of the sorbents that were tested in the batch test are satisfactory for the PeRT wall because 
they are not able to meet the performance requirements for all COCs. Although, sorbents could 
possibly be used in "treatment trains" or with mixtures of several sorbents, the evaluation of these 
alternatives would take an additional effort. Because other materials (i.e., ZVI products) are 
available and can meet the scheduled' timeframe of this project; sorbents are no longer being 
considered. 

A variety of commercial ZVI products extracted the COCs from Monticello groundwater for over 
200 pore volumes of flow. Most of the ZVI materials were able to meet the requirements for 
COC concentrations. Dissolution of the ZVI produced iron concentrations near the risk limits 
although some products (and mixtures) maintained iron below the aesthetic measure. Results from 
many field projects indicate that iron usually does not migrate from ZVI PeRT walls, however, in 
some cases there may be some release. It is recommended that ZVI be tested in field column 
conditions more similar to those that will prevail in the PeRT wall. Dissolved iron should be 
continuously monitored. If iron is mobile above the aesthetic measure then materials designed to 
decrease the concentration of iron should be tested. At least one test should be made to determine 
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the efficiency of native aquifer material to reduce iron concentrations. Increasing pH using 
Mg(OH)* or oxidizing the water using magnesium peroxide or aeration are options that should be 
explored to minimize the impact of dissolved iron. 

Six products were selected for field testing based on rankings of the laboratory column results. It 
is recommended that confirmation testing be conducted in larger columns in the field. The 
columns used in the laboratory studies were too small to be able to readily observe features such 
as mineral build up and preferential flow characteristics. Materials should be tested in larger 
columns (4-inch diameter), equipped with gauges to measure column back pressures. These 
columns should be tested on groundwater that is pumped directly from a well in the vicinity of the 
proposed PeRT wall installation to minimize contact with the atmosphere. 

~~ 
~~ 

~ 
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Appendix A 

Column Test ResuRts 
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ZERO-VALENT FE COLUMNS: TDI PROJECT 1 
Column Facts: Column Type = Omnifit (glass) 15mm x 150mm, Column volume (empty) = 21.6 mL. 
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Figure 2. Results of Column Testing for Arsenic 
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Figure 3. Results of Column Testing for Manganese 
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Figure 4. Results of Column Testing for Molybdenum 
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Figure 6. Results of Column Testing for Uranium 
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Figure 8. Results of Column Testing for Dissolved Iron 
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